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= (54) Title: EPITAXIAL GROWING METHOD FOR GROWING ALUMINUM NITRIDE AND GROWING CHAMBER 
= THEREFOR 

= (54) Ha3Banue H3o6pe T eHHH: CnOCOB DFIHTAKCHAJIbHOrO BblPAIUMBAHRH HMTPHM AJIIOMHHUH H 
= POCTOBA* KAMEPA £Jifl HEfO 

^= (57) Abstract: The invention relates to an epitaxial growing 

method for growing monocrystalline aluminum nitride from 

a mixture of nitrogen and aluminum vapors, said method 

comprising the following steps: a substrate (4) and a source 

of aluminum (5) are placed opposite to each other inside a 

growing chamber (3); said substrate is heated to a 
r-i temperature ensuring the growth of monocrystalline 
■^J aluminum nitride, whereby said temperature is maintained. 

Inside the growing chamber (3), the pressure of the mixture 

of nitrogen and aluminum vapors is maintained, whereby 
^ said pressure exceeds, by no more than 400 millibars, a 
^ lower threshold equal to the pressure generated within a 
rH closed space by a stoichiometric mixture of nitrogen and 
^5 aluminum vapors formed by evaporation of the source 
O material (5). The invention also relates to a growing chamber 

(3), whereby the material in contact with the source and the 
^ aluminum vapors of the surface inside said chamber is a 
S solid solution of tantalum carbide in carbide. 
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(57) Pe^epaT: 

Cnoco6 3nHTaKCHanLHoro BupamHBaHHH MOHOKpncTannHHe- 

CKOrO HHTpH^a anK)MHHH5T H3 CMeCH a30Ta H napOB aJIIOMHHHfl 

BKHK)HaeT pa3MemeH«e b poctoboh KaMepe (3) jjpyr HanpoTHB 
flpyra nopjioxKH ( 4 ) h HCTOHHHxa ( 5 ) a jiiomhhhh , HarpeB h 
nonnepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h nonnoxKH 
( 4 ) , o6ecneHHBawmHX pocT MOHOKpHCTanna HHTpnna amoMHHHH 
Ha nonnoxKe ( 4 ) . Ilpn stom AaBneHHe CMecH a30Ta h napoB 
anwMHHHH b poctoboh KaMepe (3) noARepxHBaiOT b HHTepBane 
400 MHJinH6ap ot HHXHero 3Ha^eHHH, paBHoro naBJieHHio, co3- 
HaBaeMOMy b 3aMKHyTOM oe^eMe cTexHOMeTpHHecKOH cMecBio 
a30Ta h napoB anioMHHHJi, o6pa3yeMHx HcnapeHHeM MaTepaana 

HCTOHHHKa ( 5 ) . 

npejuioaceHa pocTOBan xaMepa ( 3 ) , b KOTopon MaTepnan 

KOHTaKTHpyiOmeH C HCTOHHHKOM H napaMH aJTIOMHHHH noBepxHO- 

cth npencTaBnneT co6oh TBepnHH pacTBop Kap6H^a TaHTana b 
TaHTane, 
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Cnoco6 onHTaKCHajiRHoro BMpanjHBaHHH HHTpana annMHHK^ h 
pocTOBan KaMepa hjih Hero. 

OBJIACTB TEXHHKH 

5 HacTonmee H3o6peTeHHe othochtch k c$epe npoH3BOflCTBa 

MOHOKpHCTannHHecKHX nojiynpoBO^HHKOBBix MaTepnajioB flnn 

SJieKTpOHHOH npOMbimneHHOCTH , H B HaCTHOCTH f K snHTaKcnanB- 

HOMy BEapamHBaHHio H3 napoBOH tya.3u HHTpnaa aruoMHHHH, 
HBHHiomerocH nepcneKTHBHUM MaTepnanoM nji* H3roTOBneHHH 

10 yCTpOHCTB Ha OCHOBe nOBepXHOCTHHX aKyCTHHeCKHX BOJIH f a 

TaKxe H3onHpyiomHX nonnoxeK hhh nonynpoBOUHHKOBBix npH6o- 
poB, cnoco6HHx pa6oTaTB npH bhcokhx TeMnepaTypax . 

nPEflmECTByiomHH ypobehb TEXHHKH 

15 H3BeCTHbI CnOC06bI BHpamHBaHHH MOHOKpHCTajIJIHHeCKOrO 

HHTpHfla a J1B0MHHH55 , OCHOBdHHHe Ha OCaXfleHHH H3 napoBOH $a3H 

HHTpHna aniOMHHHH, o6pa3yK)merocH Ha nofljioxKe b pe3ynBTaTe 
XHMHnecKOH peaKijHH MeTannopraHHHecKoro coenHHeHH* anioMH- 

HHH C dMMHSKOM • flOCTOHHCTBOM 3TOH TpynnW CnOCOSOB HBH^eT- 

20 cx oTHOCHTenbHO HH3Kan TeMnepaTypa , okojio 1000° C, npn ko- 

TOpOH npOHCXOflHT pOCT MOHOKpHCTaJIJia , HO ROCTHraeMaSC CKO- 

pocTB pocTa cjiHniKOM Mana nnx. npoMBimneHHoro BBipanjHBaHHH 

06*BeMHBIX KpHCTailJIOB . 

K apyrofi rpynne cnoco6oB, HcnonB3yeMBix nnx B&ipamHBa- 

25 HH* MOHOKpHCTanJIOB &HHapHBIX COeflHHeHHH , B HaCTHOCTH Kap- 

6ana KpeMHHH f ho enje He nonyHHBmjax nonxHoro pa3BHTH« npH- 

MeHHTenBHO K BBipaiUHBaHHK) MOHOKpHCTaJTJIHHeCKOrO HHTpHna 
a JliOMHHHH , OTHOCHTCH Cy6jlHMaiJHOHHIiie CnOC06EJ OCHOBaHHHe Ha 

peKOM6HHaijHH Ha nonjioxKe a30Ta h napoB anioMHHH^, nonyneH- 
30 hhx HcnapeHneM MaTepnana HCTOHHHKa , b Ka^ecTBe KOToporo 

HCnOJlB3yK)T nonHKpHCTaJTJlH^eCKHH HHTpHH aniOMHHHH. H3BeCTHOH 

oco6eHHocTBK> HHTpHjja ajiDMHHHH HBJiKeTCH to, hto ero TeMne- 
paTypa nnaBJieHHH, H3BeCTHdK TOJlbKO TeOpeTHHeCKH, 3HaHH- 

TenBHO BBime TeMnepaTypa, npa kotopoh npoHcxo^HT ero pa3- 
35 noxeHHe Ha cocTaBJLJiBomHe aneMeHTH. IIoaTOMy nepeHoc MaTe- 
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pHana hctohhhks Ha nonnoxKy npoHcxoflHT c o6pa30BaHHeM 
a30Ta h napoB a jiiomhhhh , KOTopwe 3aTeM peKOM6HHHpyK>T Ha 
nonnoxKe . Heo6xoflHMMM ycnoBHeM pocTa MOHOKpHCTanna sibtisi- 
eTCH cG3flaHHe pa3HOCTH TeMnepaTyp Mexny nojjnoxKOH h 6o;iee 

5 TOpJIHHM HCTOHHHKOM. flJI5I HarpeBa HCTOHHHKa HCnOJIB3yeTCH 
HHflyKt(HOHHHH CB<I HarpeBaTeJIB TKmX HCTOHHHKa, CTeHKH KO- 

Toporo b 9tom cnynae BBinonH^noTcsc H3 aneKTponpoBonHoro Ma- 
Tepnana, nn6o o6hmhhh pe3HCTHBHHH 3JieKTpHHecKHH HarpeBa- 
Tenb. 

10 OCHOBHblMH npeilHTCTBHHMH B BBIpailJHBaHHH o6'BeMHHX MOHO- 

KpHCTannoB HHTpH^a anioMHHHH 6ojibeihx pa3MepoB cy6nHMaqHOH- 

H6IM MeTOROM HBJIKGTCK He3HaHHTGHBHaH CKOpOCTB pOCTa , flaxe 

npH TeMnepaTypax okojio 2000°C, h BHCOKan arpeccHBHOCTB 
napoB amoMHHH* npn sthx TeMnepaTypax no oTHomeHHio k MaTe- 
15 paany THrnn. H3BecTHO HcnoiiB30BaHHe TaKHx MaTepHanoB KaK 
BonB$paM f rpa^HT h rpa$HT, noKpBJTHH nneHKofi Kap6Hna KpeM- 

HH*. 

HaH6oiiee 6jih3khm k npennoxeHHOMy H3o6peTeHHio KBnneTCH 
cy6nHMaqHOHHHH cnocoO, onncaHHHH b cTaTBe C. M. Balkas et 

20 al. "Growth of bulk AlN and GaN Single Crystals by 
Sublimation", Materials Research Society Symposium 
Proceedings Vol. 449, 1997. (CM. Eanxac u np. 
"Cy6nHMaqHOHHoe BHpanjHBaHHe o6*BeMHEix MOHOKpHCTannoB AlN h 
GaN", onySjiKKOBaHHan b Tpynax cnMno3nyMa 06njecTBa Hccne- 

25 flOBaHHH MaTepnanoB, tom 449, 1997, CHIA) . B 3toh pa6oTe 
npHBORHTCH onncaHHe SKcnepHMGHTOB no Bbipan^HBaHHK) MOHOKpH- 
CTannoB HHTpnna anioMHHHH b rpa$HTOBOH KaMepe c pe3HCTHB- 
hbim HarpeBaTeneM. nojjnoxKa ycTaHaBJiHBanacB b KaMepe aKCH- 

aJlbHO C nOBepXHOCTBK) HCTOHHHKa Ha pa3HHHHBIX paCCTOJIHHHX 

30 ot Hee b npenenax ot 1 no 40 mm, B xojje SKcnepHMeHTOB 6h- 
na ycTaHOBneHa HenparoflHocTB hhctopo rpa$HTa b KanecTBe 
MaTepnana hhh THrn^, kotophh pa3pymancH b pe3yjiBTaTe pe- 
axijHH rpa^HTa c napaMH anioMHHHH npHBORHBineH k o6pa30BaHHio 
Kap6H«a anioMHHHH (A1 4 C 3 ). BBipanjHBaHHe npoBoannocB c hc- 

35 nonB30BaHHeM rpa^jHTOBBix THrnen c noKp&iTHeM H3 Kap6H«a 
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KpeMHHH (SiC), KOTopwe o6ecneHHBanH bo3mo2choctb oflHOKpaT- 
Horo npoBeneHHK npoqecca npoRonxnTejiBHOCTBio 10-15 nacoB 
npn TeMnepaTypax 6jih3khx k 2000°C. 3a 3TO BpeMH nponcxo- 
Hhtio pa3pynieHHe SiC noKpHTH^ BCJiejjCTBHe HH$$y3HH a jiiomhhhh 
5 ckbo3b noKpHTHe h ero peaKqHH c rpa^HTOM. flnn nonyneHHfl 
CTa6n JiBHOH ckopocth HcnapeHHH b Jca^ecTBe MaTepnana hctoh- 
HHKa ncnonb30BancH npeccoBaHHHH nopomoK nonmcpHCTaJinHHe- 
CKoro HHTpHpa a jijomhhhh , a b KanecTBe 3aTpaBOHHoro KpH- 
CTanna iiohjioxkh ncnoJiB30BancH Kap6nn kpgmhhh • BbipanjHBaHHe 

10 ocymecTBH^jiocB npH TeMnepaTypax b nnana30He 1950 - 2250°C 
h npoayBKe KaMepw a30TOM npn $HKcnpoBaHHOM naBneHHH 500 
Topp (npH6nH3HTenBHO 670 MHHJiH&ap ) • 

TaKoe flaBJieHHe bboahmopo H3BH6 a30Ta co3^aeT 3HaHH- 
TenBHHH h36htok a30Ta b cocTaBe napoBOH $a3H no cpaBHeHHio 

15 c cocTaBOM, nonynaiomHMCH npH HcnapeHHH HHTpnna anroMHHHH 
HCTOHHHKa. PacneT noKa3HBaeT, hto naBJieHHe napoB HHTpnna 
a jtiomhhhh / o6pa3yiomHxc5i b ycnoBnax 3KcnepHMeHTa npn TeMne- 
paType 2250°C, nocTHraeT tojibko BejiHHHHH 200 MHJinH&ap • 

B yica3aHHOH Btirae pa6oTe yTBepxnaeTC*, hto hhtphb an»- 

20 mhhhh o6jianaeT oco6eHHOCTBio, 3aKJiK)HaiomeHCH b "oneHB bhco- 
kom paBHOBecHOM flaBJieHHH napoB a30Ta npn yMepeHHwx TeMne- 
paTypax" • 

Korfla pens H^eT o "bhcokom" paBHOBecHOM naBJieHHH napa 
ojjHoro H3 sneMeHTOB SimapHoro coeflHHGHHH , HcnapniomerocH c 
25 pa3noxeHHeM Ha oneMeHTH, cneqnanHCTy b jqaHHOH oSnacTH 

TeXHHKH IIOHHTHO r HTO HMeeTC* B BHfly CpaBHGHH6 paBHOBeCHKX 

napijuajiBHux aaBneHHH napoB sjieMeHTOB 3Toro coejjHHeHHJi b 
3aMKHyTofi CHCTeMe / HaxonKmeiicH b TennoBOM paBHOBecHH * qn- 
THpoBaHHoe BMme yTBepxaeHne, oTHoc^eecn k HHTpH^y anDMH- 

30 husl, o3HanaeT, hto KOHijeHTpaqnH 3tomob a30Ta b napax hht- 
pHjja anioMHHHH 3HaHHTenBHO npeBwmaeT KomjeHTpaqnio aTOMOB 
anioMHHHK. nocnejjHee MoxeT hmctb MecTO tojibko b cnynae, 
ecnH b 3aMKHyTOH CHCTeMe paBHOBecHoe aaBJieHHe napoB ycTa- 
HaBJiHBaeTCH tskhm o6pa30M, hto stomm aniOMHHHH H3 napoBOH 

35 $a3H, MHHyn peKOM&HHaijHio c a30TOM, nepexoflOT b XHEKyio $a- 
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3y an»MHHHH. OneBHHHO, co3;qaHHe bmcokopo ^oHOBoro naBne- 
HH* a30Ta b 9thx sKcnepHMeHTax npoHHKTOBaHo CTpeMneHHeM 
H36exaTB onacHOCTH o6pa30BaHHH xhhkoh $a3H (Kanenb) anio- 

MHHHH B npOIjeCCe BBipaiqHBaHHH Ha pOCTOBOH nOBepXHOCTH MO- 

5 HOKpncTanna h cTemcax KaMepbi h sthm H36exaTB noTepB an©- 
mhhhh, a TaKxe B03MOXHoro npH 3tom o6pa30BaHHK ne$eKTOB 
KpHCTannHHecKOH CTpyKTypu . 

OflHaKO f . npn 3HaHHTeni>HOM H36HTKe a30Ta b CMecH a30Ta 
h napoB anioMHHHH ReHCTByeT m6^ji6hhbih flH$$y3HOHHHH Mexa- 
10 hh3m nepeHOca MaTepnana HCTOHHHKa k nonnoxKe, npnneM 
HMeHHO ckopoctb nepeHoca orpaHHHHBaeT ckopoctb pocTa mo- 
HOKpncTanna . 

B onHcaHHOM SKcnepHMeHTe BjpamHBaHHio npn TeMnepaType 
2250°C npen^iTCTBOBajio 6siCTpoe HcnapeHHe Kap6nna KpeMHHH 

15 noKpMTHK THrnH. BBipamHBaHHe npononxHTenBHOCTBK) 15 nacoB 
co ckopoctbk) 30-50 mkm/ nac ocymecTBJLHJiocB b TeMnepaTypHOM 
AHana30He 1950-2050°C. OqeHKa ckopocth pocTa 0.5 MM/qac b 
TeneHHe HenpononxHTenBHoro Bp6M6HH BBipan^HBaHHH 6fiuia nony- 
neHa npH TeMnepaType HCTOHHHKa 2150°C / paccTOHHHH Mexjjy 

20 nonnoxKOH h hctohhhkom 4 mm h nonnepxaHHH TeMnepaTypa 
noflJioxxH Ha BejiHHHHy He MeHee 70° C hhxg TeMnepaTyphi hc- 

TOHHHKa. 

06ecneneHHe 3HaHHTenBHOH pa3HocTH TeMnepaTyp noflJioxKH 
h HCTOHHHKa npejqcTaBntfeT co6oh TexHHHecKyBO npoBneMy b 

25 cnynae Manoro paccTOKHHJi Mexny hhmh , KOTopan MoxeT 6bitb 
pemeHa c noMomBio cjioxhbix KOHCTpyKTHBHBix yxnmpeHHH h tojib- 
ko ijeHOH HenpoH3BonHTenBH£ix 3aTpaT 3HeprHH, Tax KaK npn- 
xoflHTCH npHHHMSTb MepBi npHHyflHTenBHoro oxnax^eHHH nonnox- 
kh, HarpeBaeMoii TennoBBiM H3 nyneHHeM ot HCTOHHHKa. KpoMe 

30 Toro cnenyeT otmcthtb, hto noBBimeHne pa6oneH TeMnepaTypBi 
HCTOHHHKa h cBH3aHHOH c Hen TeMnepaTypti nOflnOXKH XOTH H 
o6ecneHHBaeT yBenHneHHe ckopocth pocTa MOHOKpncTanna hht- 
pnfla a jiK)MHHH5i , ho, noMHMO noBBimeHHoro pacxojja 3HeprHH , 
npuBo^HT Taxxe k pe3KOMy coKpanjeHHio cpoKa cnyx6Bi Tex nac- 
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Ten o6opynoBaHH*, KOTopae pa6oTaiOT npH sthx bbicokhx TeM- 
nepaTypax . 

PACKPMTHE H30BPETEHHH 
5 3aflaneH HacTOJimero H3o6peTeHHH ^BnneTCH co3flaHHe 

cnoco6a h ycTpoficTBa j\nsi BfiipamHBaHH* MOHOKpHCTanHnecKoro 

HHTpHfla a71K)MHHHH f KOTOpHH IIO3B0JIHJ1 6fi! flOCTHHB BHCOKOH 
CKOpOCTH pOCTa MOHOKpHCTaJIJia npH HeBMCOKHX Tpe60BaHH5IX K 

TaKHM napaMeTpaM npoijecca, ksk pa6oHa*i TeMnepaTypa hctoh- 
10 HHKa. f paccTOHHae h pa3HocTB TeMnepaTyp Mexpy noanoxKOH h 

HCTOHHHKOM, H npH 3TOM n03BOnHH BBUIOJIHHTB MHOrOKpaTHOe 

BHpamHBaHHe o6 f &eMHbix MOHOKpncTajuioB 6e3 3aMeHw HacTefl hc- 
nonb3yeMoro o6opyHOBaHH* , hto f b kohghhom cneie, o6ecne- 
hhjio 6h npoMbiraneHHyio npHMeHHMOCTB cnoco6a. 
15 3Ta 3anana pemaeTC* tsm r hto b cnoco6e snHTaKcnajiBHo— 

rO BHpamHBaHHK MOHOKpHCTaJTJIHHeCKOrO HHTpHfla aniOMHHHH H3 

cmsch a30Ta h napoB anioMHHHH , BKnronaiomeM pa3MemeHHe b 
pocTOBOH KaMepe apyr HanpoTHB apyra noHJioxKH h HCTOHHHKa 
anioMHHHH r HarpeB h nonnepxaHne TeMnepaTyp hctohhhk3 h 

20 no^noxKH, o6ecneHHBa»iiiHx, cooTBeTCTBeHHO , o6pa30BaHHe na- 
poB an»MHHHH b cocTaBe CMecH h pocT MOHOKpHCTanna HHTpnna 
ajiK>MHHH« Ha nonnoxKe, cornacHo H3o6peTeHHK>, naBneHHe cMe- 
ch a30Ta h napoB anK>MHHH* b poctoboh KaMepe nojroepxHBaiOT 
b HHTepBane 400 MHJinH6ap ot HHXHero 3HaneHHH paBHoro naB- 

25 JieHHio, co3^aBaeMOMy b 3aMKHyTOM oS'BeMe cMecBio o6pa3yromHx- 
c* npn TeMnepaType HCTOHHHKa napoB ajiDMHHH* c a30TOM, 
HMeiomefi oflHHaKOBwe KOHqeHTpaijHH aTOMOB a30Ta h aniOMHHHH, 

CorjiacHo HacTonmeMy H3o6peTeHHK>, BHpamHBaHne mohokph- 

CTaJIJia HHTpHfld aJIBOMHHHK OCymeCTBJIJIIOT 6e3 HCnOJIB30BaHHH B 

30 npoijecce pocTa BHCOKoro $OHOBoro naBneHHH a30Ta, co3naio- 
njero 3HaHHTenBHHH h36htok KOHqeHTpaqHH aTOMOB a30Ta no 

CpaBHeHHK) C dTOMdMH aJIDMHHHH B COCTaBe CMeCH . 

B ycnoBHJix 3HaHHTenBHoro H36HTKa a30Ta b cocTaBe CMe- 

CH CKOpOCTB pOCTa MOHOKpHCTaJIJia OrpaHHHeHa CKOpOCTBK) «H$- 

35 $y3HOHHoro nepeHOca aTOMOB anioMHHH* ot HCTOHHHKa k non- 
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noxKe. CHHxeHHe H36wTKa a30Ta b cocTaBe cmgch «o bgjihhhh , 
Korna ee KonHHecTBeHHbiH cocTaB npn6jinxaeTCH k cTexnoMeT- 
pHHecKOMy cooTHomeHHK) KOHqeHTpaqHH stomob a30Ta h aniOMH- 

HHH, COOTBeTCTByiOqeMy flJIH HHTpHna aniOMHHHH OHHHaKOBBIM HX 
5 KOHIjeHTpaqHHM, npHBORHT K MHOrOKpdTHOMy yBenHHeHHio CKopo- 

cth pocTa MOHOKpncTanna HHTpH^a anwMHHH*. 

YBenHHeHHe ckopocth pocTa npoHCXoflHT b pe3ynBTaTe Ka- 
necTBeHHoro H3MGHeHHH MexaHH3Ma nepeHOca stomob amoMHHHH. 

ripH IipH6jIHXeHHH K CTeXHOMeTpHHeCKOMy COOTHOmeHHK) KOHqeH- 

10 Tpaqnii aTOMOB a30Ta h amoMHHH* Han npoqeccoM flH$$y3HOHHO- 
ro nepeHOca HaHHHaeT npeoSnajjaTB kohbgkthbhbih nepeHoc, 

BUpaxaKJ^HHCH B HanpaBJieHHOM RBHSeHHH aTOMOB, COCTaBJIHIOmHX 

napH HCTOHHHKa k 6onee xojioehoh noflnoxKe. B cnynae cmgch 
a30Ta h napoB a jiiomhhhk f KaK ycTaHOBneHO aBTopaMH , HBneHHe 

15 KOHBeKTHBHoro nepeHOca npojiBnjieTc* oneHB chjibho h conpo- 
BOXflaeTCH 3HaHHTenBHHM yBejiHHeHHeM ckopocth nepeHOca Ma- 
TepHana HCTOHHHKa k nonnoxKe. 3to npHBOjjHT k yBejiH^eHHio 
ckopocth pocTa MOHOKpHCTaxuia / KOTopa^ b nepByio onepeEB 
orpaHHHeHa ckopoctb© nepeHOca. 

20 npH pa6oHHx TeMnepaTypax BHpanjHBaHHH a30T npncyTCTBy- 

eT b napoBOH $a3e b Bupe MoneKyn N2, h cooTHomeHHe napqn- 
aiiBHBix ^aBneHHH a30Ta h napoB anraMHHHJi b hx CTexHOMeTpn- 
necKOH cmgch paBHO 1:2. BcnencTBHe SToro, hhxhgg 3HaneHHe 
3anaHHoro HHTepBana nasneHKH b noJiTopa pa3a npeBoexoHHT 

25 napqnajTBHoe jjaBjieHHe napoB a jikmhhhh , o6pa3yeMtix acnapeHH- 
eM MaTepHana HCTOHHHKa b 3 aMKHyTOM o6*BeMe. 

IJenecoo6pa3Ho f no^nepxHBaTB ^aBJieHHe CMecn a30Ta h 
napoB anioMHHH^ b KaMepe 6jih3khm k HHXHeMy 3HaHeHHK) 3a«aH- 
Horo HHTepBana, cooTBeTCTByK>meMy CTexaoMeTpHHecKOMy coot- 

30 HomeHHio KOHqeHTpaqHH aTOMOB a30Ta h anioMHHHH b CMecn, npn 

KOTOpOM CKOpOCTB pOCTa MOHOKpHCTaJIJia HHTpHfld aJIIOMHHHH 

HocTHraeT MaKCHMyMa • 

Ohhhm H3 bo3moxhhx nyTefi peanH3aijHH H3o6peTeHHH hbjtji- 
eTCH TaKOH, Korna b KanecTBe MaTepaana HCTOHHHKa aniOMHHHK 
35 HcnonB3yi0T hhtphh anioMHHHH, pocTOByw KaMepy no Havana Ha- 
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rpeBa BaKyyMHpy©T h repMeTH3HpyDT, h npoBOflHT Bapa^HBaHHe 
MOHOKpncTanna HHTpnna anioMHHHH npH hhxhsm 3HaneHHH 3anaH- 
Horo HHTepBana flaBneHHH cmgch a30Ta h napoB a jiiqmhhhh , 
co3flaBaeMOH b poctoboh KaMepe HcnapeHHeM MaTepnana hctoh- 

5 HHKa . 

ABTopaMH ycTaHOBneHO, hto npoqecc HcnapemiH h nocne- 
AyiomeH peKOM&HHaqHH napoB HHTpHfla anioMHHHH HCTOHHHKa b 
repMeTHHHOH poctoboh KaMepe nponcxoflHT 6e3 o6pa3osaHH^ 
xhakoh $a3H anioMHHHH. B repMeTHHHOH poctoboh KaMepe npn 

10 HCnapeHHH HHTpHfla aniOMHHHH HCTOHHHKa C03RaeTCH CTeXHOMeT- 

pHHecKan CMecB a30Ta h napoB a jibomhhhh , to ecTb pocT moho- 
KpHCTanna npoacxoHHT npn flaBneHHH CMecn paBHOM hhxhgmy 
3Ha^eHHio 3anaHHoro HHTepBana flaBneHHH, npH kotopom flencT- 
ByeT MexaHH3M KOHBeKTHBHoro nepeHoca, o6ecneHHBaiomHH MaK— 
15 cHManBHyio CKopocTb pocTa • 

flpyrofi BapaaHT peanH3aijHH coctoht b tom , hto b Kane- 
CTBe MaTepnana HCTOHHHKa anioMHHrtH HcnonB3yK>T hhtpha anio— 
mhhhh , pocTOByio KaMepy , coo6maK>myiocH c BHemHHM npocTpan- 
ctbom , noMen^a»T b aTMOC$epy a30Ta, flaBnemie KOTOporo non- 
20 aepxHBaioT b npeflenax 3anaHHoro HHTepBana flaBneHHH BHyTpH 
Poctoboh KaMepBi • 

B cnynae HcnonB30BaHHH HHTpHfla anioMHHHH b KanecTBe 
MaTepnana HCTOHHHKa b HerepMeTHHHOH poctoboh KaMepe, nofl- 
HepxaHHe 3a«aHHoro KonH^ecTBeHHoro cocTaBa CMecn BHyTpn 
25 poctoboh KaMepBi f nyTeM co3flaHHH 3aflaHHoro $>oHOBoro flaBne- 
HHH a30Ta CHapyxH, no3BonneT npn6nH3HTB ckopoctb pocTa 
MOHOKpncTanna k flOCTHraeMoii c noMonjBio repMeTHHHon pocto- 
boh KaMepbi. npn 3tom HcnonB3yeTCH 6onee flemeBBiH h TexHo- 
nOrHHHBIH B OTHOmeHHH nOBTOpHHX BhipamHBaHHH BapnaHT 6e3 
30 repMeTH3aqHH poctoboh KaMepa. 

Enje oflHH BapnaHT peanH3aijHH coctoht b tom, hto b Ka- 
necTBe MaTepaana HCTO^HHKa anioMHHHH HcnonB3yiOT MeTannnne- 
ckhh anioMHHHH, pocTOBy© KaMepy, coo6maK>myK)CK c BHemHHM 
npocTpaHCTBOM, noMemaDT b aTMoc^epy a30Ta, flaBneHHe koto- 
35 poro noflflepxHBa»T b npeflenax 3anaHHoro HHTepBana flaBneHHH 
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BHyTpn pocTOBofi KaMepBi • B 3TOM cnynae a30T nocTynaeT b 

COCTaB CMeCH H3BH6 pOCTOBOH KcLMepbl • 

Hctohhhk r conepxanjHH MGTajuiHHecKHH antoMHHHH , o6ecne- 
HHBaeT b TeMnepaTypHOM RHana30He Hnxe 2400° C SonBiny© cko- 
5 poctb pocTa MOHOKpHCTanna , neM hctohhhk, MaTepnanoM koto- 
poro cnyxHT hhtphh anioMHHHH. 

nocTaBneHHan 3anana pemaeTCH TaKxe tgm , hto b pocto- 
boh KaMepe j\nsi snHTaKCHajibHoro BHpamHBaHH* MOHOKpHCTannn- 
necKoro HHTpHfla aniOMHHHJi H3 CMecH a30Ta h napoB aniDMHHHH, 

10 BBinOJIHeHHOH . C B03MOXHOCTBK) pa3MemeHHH BHyTpH Hee HCTOHHH- 

Ka ajiioMHHHH h nonnoxKH , HarpeBa h noEaepxaHHH TeMnepaTyp 

HCTOHHHKa H nOflJIOKKH, o6ecneHHBaK>mHX pOCT MOHOKpHCTanna 

HHTpnfla anioMHHHH Ha noflnoMe, cornacHO H3o6peTeHHio t MaTe- 
pnan KOHTaKTHpyjomen c hctohhhkom h napaMH amoMHHH* no- 

15 BepxHocTH pocTOBOH KaMepH npencTaBnneT co6oh TBepRBiH pac- 
tbop Kap6nna TaHTana b TaHTane, 

ABTopaMH o6HapyxeHO , hto T'aHTan ( Ta ) , nernpoBaHHBiH 
yrnepoflOM npeHCTaBnjieT co6oh MaTepnan peaKijHOHHO ctohkhh 
no OTHomeHHK) k pacnnaBy aniDMHHHH h ero napaM npn TeMnepa- 

20 Typax no MeHBmen Mepe no 2500° IIpHMeHeHHe TaKoro Maa?e- 
pnana BHyTpeHHeft noBepxHOCTH poctoboh KaMepw o6ecneHHBaeT 

B03MOXHOCTB MHOrOKpaTHOrO HCnOJIB30BaHHK pOCTOBOH KaMeptJ 

Haxe b cnynae , Korjja b KanecTBe HCTOHHHKa amoMHHHJi hc- 
nonb3yeTCH MeTannHHecoH an»MHHHH. 

25 

KPATKOE OnHCAHHE *HrYP HEPTEJKEfi 
<J>Hr.l cxeMaTHHecKH H3o6paxaeT ycTponcTBO nnx Bbipamn- 
BaHH5i MOHOKpHCTanna HHTpHpa aniDMHHH^; 

<*>Hr.2 H3o6paxaeT TeMnepafrypHtie 3aBHCHMOCTH naBneHHH 
30 CTexHOMeTpH^ecKOH CMecH a30Ta h napoB anioMHHHH b 3aMKHy- 
tom o6*BeMe nnx. RByx pa3Jin^HHx MaTepnanoB HCTOHHHKa anioMH— 
hhh; 

$Hr.3 H3o6paxaeT ceMeftcTBo kphbbix 3aBHCHMocTH CKopo- 

CTH pOCTa MOHOKpHCTanna HHTpHfla anOMHHHH OT BenHHHHBI naB- 

35 neHH« CMecH a30Ta h napoB an»MHHH5i jjnn Tpex pa3nHHHBix 
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TeMnepaTyp npH Hcnonb30BaHKH HHTpnna anroMHHHJi b xanecTBe 
MaTepnana HCTOHHHKa a jibomhhhh • 

BAPHAHTH OCymECTBJIEHHH H30EPETEHH* 
5 Bupa^HBaHHe MOHOKpHCTanna HHTpnqa aniOMHHHH npoBoq^T c 

noMombio ycTpoHCTBa , H3o6paxeHHoro ' Ha <&Hr.l. Yctpohctbo 
HMeeT Kopnyc 1, BtinojiHeHHHH , HanpHMep, H3 KBapqa, b no- 
jiocth 2 KOToporo ycTaHOBJieHa pocTOBa* KaMepa 3 b <J>opMe 

I^H JIHHflpa r 3aMKHyTOrO HByMH TOpqeBHMH CTSHKaMH • Ha OJJHOH 

10 H3 TopijeBHx CTeHOK poctoboh xaMepH 3 , KOTOpa* MoxeT 6ejtb 
BBinonHeHa b BHfle c*BeMHofl kphiekh, ycTaHaBJiHBaioT noqjioxxy 
4 . B KanecTBe MaTepHana nonnoxKH 4 HcnojiB3yi0T mohokph- 

CTaJIJTHHeCKHH HHTpHfl aniOMHHHH H7IH Kap6HJ} KpeMHHH , HMefOqHH 

6nH3Kyso c hhtphjjom aniOMHHHH KpHCTannHHecxyio CTpyxTypy. 
15 HanpoTHB nojjnoxKH 4 b poctoboh KaMepe 3 pa3MemaBT hctoh- 
hhk 5 aniOMHHHK. HHnyKqHOHHHH HarpeBaTenb 6 coqepxHT qn- 

JIHHflpHHeCKOH $OpMM npHSMHHK 7 HHAyKqHOHHHX TOKOB, BNnon- 

HeHHHH H3 snexTponpoBOflHoro rpa^HTa, h nHTaeMHe pa3HejiBHO 
cexqnn 8 h 9 CBH xaTymex. npneMHHK 7 oxpyxeH TemioH3onH- 

20 TopoM 10, MaTepnanoM qnn KOToporo MoxeT cnyxHTL, Hanpn- 
Mep, nopucTHH rpa$HT. Taxa* KOHCTpyxqHH poctoboh xaMepw 
o6ecne^HBaeT bo3moxhoctb HarpeBa HCTOHHHxa 5 aniOMHHHH no 
TeMnepaTypia He MeHee 25 00°C c noMomBK) cexqHH 9 HarpeBaTe- 
jih. HarpeB noflnosKH 4 oTflenbHofi cexqneH 8 no3BonjieT co3- 

25 naBaTB 3apaHHyio nonoxHTeiiBHyio pa3HocTB TeMnepaTyp Mexny 

HCTOHHHKOM 5 H nOflJIOXXOH 4 . 

KoHCTpyKqHH poctoboh KaMepbi 3aBHCHT ot pa3MepoB MOHO- 
KpHCTannoB, qo kotophx hx npennonaraeTCH BNpaiqHBaTB. flnn 

BbipamHBdHHH MOHOKpHCTaJIJIOB 60JIBIHOH TOJIIIJHHbl , qo HeCXOTIBKHX 

30 necHTKOB MHnnHMeTpoB, HHflyKqHOHHHH HarpeBaTenb MOXeT 6htb 
BbinonHeH nepeMeqaeMHM beojib poctoboh xaMepw c TeM, hto6h 
co3flaBaeMoe hm nojie TeMnepaTyp moxho 6uno cMenjaTB no Mepe 

H3MeHGHHH nOHOXeHHH pOCTOBOH nOBepXHOCTH MOHOKpHCTaJIJia , 
COXpaHHH 3THM nOCTOHHHbie yCJIOBHH EJI5I pOCTa. HHflyKqHOHHHH 

35 HarpeBaTenB MoxeT He coqepxaTB pa3qenBHHX cexqan 8 h 9 , 
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ecnn KOHCTpyxqHK pocTOBoft KdMepH no3Bon^eT o6ecneHHTB 
Tpe6yeMyK) pa3HOCTB TeMnepaTyp Mexny hctohhhkom 5 h nofl- 
jioxkoh 4 . BMecTO HHnyKqHOHHoro MOxeT 6htb HcnonB30BaH pe- 
3hcthbhbih HarpeBaTenB , pa6oHHH sneMeHT KOToporo oxBaTHBa- 
5 eT o6nacTB pa3MemeHHH HCTOHHHKa amoMHHHJi. 

flJIH yBeHHHeHHH CKOpOCTH pOCTa MOHOKpHCTaJlJia BeJIHHHHy 

pa3HOCTH TeMnepaTyp HCTOHHHKa 5 h no^noxKH 4 xenaTenBHO 
nonoepxHBaTB paBHofi hgckojibkhm necHTKaM rpanycoB, npn 

3TOM paCCTOHHHe MeXRy HCTOHHHKOM 5 H nORJIOXKOH 4 C 3TOH 

10 xe qenBio cnenyeT ycTaHaBJiHBaTB bo3moxho MeHbme. 3th jjBa 
Tpe6oBaHH5i npoTHBopenaT npyr Hpyry, TaK kslk npH ManoM 

paCCTOHHHH Mexny HCTOHHHKOM H nOJJJIOXKOH 3aTpyflHHTeJIBHO 

o6ecneHHTB 3HaHHTenBHyio pa3HOCTB TeMnepaTyp Mexny hhmh 
BcneflCTBHe paEHaijHOHHoro HarpeBa noanoxKH 4 ot HCTOHHHKa 
15 5. 3to npoTHBope^ne moxst 6bitb npeo^oneHO, ecnn npHHOTB 
cneqaanBHHe Mepu no oxnaxneHHK) nonnosKH, ho sto npHBojjHT 

K HenpOH3BOnHTeJlBHhIM nOTep*M SHeprHH, Be3 npHHOTH5I TaKHX 

Mep, b nopnflKe KOMnpoMHcca, uenecoo6pa3Ho B£i6HpaTB pac- 
CTOHHHe Mexny hctohhhkom h nonnoxKOH b npenenax 3-10 mm 
20 npn pa3HocTH TeMnepaTyp b npenenax 10 - 30° C, cooTBeTCT- 

BeHHO. 

CTeHKH poctoboh KaMepa 3 BbinojiHeHbi H3 TaHTana, BHyT- 
peHH£H noBepxHOCTB cTeHOK nerapoBaHa yrnepojjOM. JlernpoBa- 
HHe yrneponoM npoBonHTCH cjieayromHM o6pa30M. PocTOByio xa- 

25 Mepy 3 3anonH*noT noponiKOM rpa$HTa h MenneHHo HarpeBaroT no 
2200-2500°C. TeMnepaTypy noBBimaKT c nocTo^HHofi CKopocTB© 
b TeneHHe 1-3 ^acoB h 3aTeM BHnepxHBaiOT pocTOByio KaMepy 
3 npn MaKCHManBHOH TeMnepaType enje b TeneHHe 1-3 nacoB, 
B pe3yjiBTaTe Taxofi o6pa6oTKH MaTepnan BHyTpeHHefi noBepx- 

30 hocth CTeHOK poctoboh KaMepu 3 npeflCTaBHHeT co6oh nepe- 
MeHHHH no rny6HHe ot nosepxHocTH TBepjjBiH pacTBop Kap6nna 
TaHTana b TaHTane. nojiyneHHbiH TyronnaBKHH MaTepnan, xax 
ycTaHOBJieHO aBTopaMH f He BCTynaeT b peaKqnio c an»MHHHeM 
npn TeMnepaTypax no MeHBmefi Mepe no 2500° C, mto o6ecneHH- 

35 BaeT bo3moxhoctb MHoroKpaTHoro npoBepeHHH ljhkjtob BBipaqn- 
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BdHHH MOHOKpHCTSJlJlOB HHTpHJja aniOMHHHH B TclKOH pOCTOBOH 

KaMepe 6e3 3aMeHH hhh peMOHTa ee nacTen. IlpH stom BaxHO, 
hto BHyTpeHHHe CTeHKH poctoboh KaMepw 3 , o6pa6oTaHH6ie 
onHcaHHHM cnoco6oM, npaKTHnecKH He ancop6HpyK>T aniOMHHHH h 

5 n03BOHHK)T HCnOHB30BaTB B KSHeCTBe MaTepHaJia HCTOHHHKa 

aniOMHHHH MeTannHnecKHH aniOMHHHH. 

B BapnaHTe BHpamHBaHHH MOHOKpncTanna H3 napoB HHTpnna 

aniOMHHHH HCTOHHHKa B rGpMeTH3HpOBclHHOH pOCTOBOH KaMepe 

npoqecc ocymecTBJiHioT cneayiomHM o6pa30M, flo Havana Harpe- 
10 Ba, nonocTB 2, nnst yaaneHHH H3 Hee aTMoc$epHBix ra30B, 
nponyBaroT hhcthm a30TOM npn otkphtoh poctoboh KaMepe 3. 
A3ot H3 nonocTH 2 oTKaHHBawT # h pocTOByio KaMepy 3 repMe- 

TH3HpyK)T , HanpHMep, MeTOROM BakyyMHOH CBapKH • B03M0XH0 

TaKxce npon3BOflHTB oTKa^Ky h repMeTH3aijHK) poctoboh KaMepw 
15 3 no ee ycTSHOBKH b nonocTH 2. OTKa^Ky poctoboh KaMepu 3 
npoH3BOHHT no BenHHHHBi ocTaTOHHoro naBJieHHH a30Ta, ManoH 

no CpaBHeHHK) C 3anaHHOH BeJIHHHHOH HHTepBana OTKJIOHeHHH ot 
HaBJieHHH CTeXHOMeTpHHeCKOH CMeCH • EpaKTHHeCKH, HOCTaTOH- 
HOH HBnHeTCH BeJIHHHHa OCTaTOHHOrO naBJieHHH a30Ta B He- 
20 CKOJIBKO eflHHHIJ MHJIJIH6ap, 

3aTeM, c noMonjBio HarpeBaTenn 6 hctohhhk 5, BBinojiHeH- 
hhh b BH«e 6pHKeTa cnpeccoBaHHoro H3 noponnta nonHKpncTan- 
JiHnecKoro HHTpHna anKMHHH^ f h nonnoxKy 4 HarpeBaroT no 
pa6oHHX TeMnepaTyp, npn kotopbix nponcxoflHT najiBHenrnHH 

25 npoqecc BbipanjHBaHHH • Pabonne TeMnepaTypbi , npn kotophx qe- 
Jiecoo6pa3HO npoBonHTB BHpamHBaHHe HHTpnna aniOMHHHH nexaT 
b HHTepBane 2000-2500°C. 

B npoqecce HarpeBa HCTOHHHKa 5 HananBHoe aaBneHHe b 
Poctoboh KaMepe 3 , co3flaBaeMoe ocTaBiHMCH nocne OTKaHKH 

30 a30TOM, B03pacTaeT no Mepe ncnapeHHH MaTepnana HCTOHHHKa 
5. HcnapeHHe HHTpn^a aniOMHHHH HCTOHHHKa 5 nponcxonHT cTe- 
xaoMeTpHMecKH, to ecTB 9 npH TennoBOM pa3JioxeHHH MoneKyna 
AlN o6a sneMeHTa nepexoflHT b napoByw $a3y. 06pa3OBaHHH 
xhjjkoh $a3H aniOMHHHH He nponcxonHT. ripn 3tom, ecnn npe- 

35 He6peHB HeSojibniHM HananBHNM cojjepxaHHeM a30Ta, KOHqeHTpa- 
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IJHH dTOMOB a30Td H fiLJlBOMHHHH B pOCTOBOH KaMepe 3 - OflHHa- 

kobh, to ecTB b ejjHHHqe o6*beMa npncyTCTByioT paBHBie kojih- 

HeCTBa aTOMOB a30Ta H aTOMOB cLJIIOMHHHH • 

TaKHM o6pa30M, BKpamHBaHHe MOHOKpHCTanna HHTpa^a anra- 

5 MHHHH B rGpM6TH3HpOBdHHOH pOCTOBOH KaMepe 3 npOHCXOflHT 

npH HHKH6M 3HdHeHHH onpeflenneMoro <J)opMynoH H3o6peTeHHH 
HHTepBana naBneHHH CMecH a30Ta h napoB a jiiomhhh5i f cooTBeT- 
cTBy»meM CTexHOMeTpHneckOMy cooTHomeHHio KOHqeHTpaqnH aTo- 

MOB a30Ta H aJllOMHHHH B CMeCH. 

10 B cnynae CTexnoMeTpHHecKoro cocTaBa CMecH a30Ta h na- 

poB anioMHHHH npoHcxojjHT KOHBeKTHBHBiH nepeHoc MaTepnana 
HCTOHHHKa 5 Ha nojjJioxKy 4 , npeflCTaBn^DtqHH co6oh HanpaB- 
neHHoe HBHxeHHe aTOMOB aniOMHHHH h MoneKyn a30Ta ot hctoh- 
HHKa 5 k nojjJioxKe 4 , h no3TOMy 3HanHTenBHO 6onee 6hctphh 

15 HeM RH$$y3HOHHHH nepeHoc . 

IIpH flH$$y3HOHHOM nepeHOce ckopoctb pocTa MOHOKpHCTan- 
na orpaHHHHBaeTCii ckopoctbio nepeHoca MaTepaajia HCTOHHHKa 
5 k nonnoxKe 4 , o6paTHO nponopuaoHan&HOH paccTO^HHio Mexny 
hhmh , KOTopoe rjisi yBenHHeHHH CKopocTH pocTa Tpe6yeTCH ne- 

20 naTB MantiM . IIpH hhcto kohbckthbhom nepeHOce, B03HHKaiomeM 
b ycnoBH^ix TOHHoro cTexHOMeTpH^ecKoro cooTHomeHHH KOHqeH- 

TpaiXHH aTOMOB a30Ta H aJIIOMHHHH, CKOpOCTB pOCTa TGM BHDie , 

neM BHine naBneHHe CTexHOMeTpHHecKOH CMecH, KOTopoe onpe- 
flenneTCH ckopoctbio HcnapeHHH MaTepnana HCTOHHHKa 5 • Cko- 

25 poctb HcnapeHHH npaKTH^ecKH He 3aBHCHT ot paccTOHHHH Mex- 
Hy HCTOHHHKOM 5 H nojjnoxKOH 4. BcnejqcTBHe 3Toro, H3MeHe- 
HHe paccTOHHHH Mexny hctohhhkom 5 h nonnoxKOH no KpaftHefi 
Mepe b npenenax, He npeBbimaromnx nonepenHBie pa3Mepbi non- 
noxKH 4, He CKa3HBaeTCK Ha ckopocth pocTa. 3to, b cbokj 

30 onepeHB, no3Bon«eT pa6oTaTB c 6onbniHMH 3HaHeHHmiH pa3Ho~ 
cth TeMnepaTyp HCTOHHHKa 5 h noflnosKH 4 , yBenHHenne koto- 
poH npHBOflHT k yBejiHHeHHE) ckopocth HcnapeHHH MaTepnana 
HCTOHHHKa 5 h, cooTBeTCTBeHHO, k nonojiHHTenbHOMy yBejiH^e- 
hhh) ckopocth pocTa MOHOKpHCTanna • 
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B repMeTH3HpoBaHHOH poctoboh KaMepe 3 co6cTBeHH&ie na- 

pBI HHTpHfla aniOMHHHK HCTOHHHKd 5 o6pa3yiOT CMeCB CO CTeXHO- 

MeTpHH6CKHM cooTHoznBHHeM KOHqeHTpaijHH aTOMOB a30Ta h anio- 
mhhhh • Ilpn 3tom o6ecneHHBaeTCH MaKCHManBHan ckopoctb poc- 
5 Ta MOHOKpHCTanna, no cpaBHeHHio c jjocTHraeMOH npn Tex xe 
ycjiOBHHX b npHcyTCTBHH H36fiiTOHHoro coaepxaHH* B CMeCH 
a30Ta. 

nonyneHHaH HHcneHHHMH MeTonaMH 3aBHCHMocTB aaBneHHH 
napoB HHTpHfla a jik>mhhhh b repMeTH3HpoBaHHOH poctoboh KaMe- 
10 pe 3 ot TeMnepaTypu hctohhhks 5 npeflCTaBneHa Ha to. 2 
kphboh A. HanpHMep, b cootbstctbhh c kphboh A, TeMnepaTy- 
pe 2200° C cooTBeTCTByeT pacneTHoe jjaBneHHe napoB, npn6jiH- 
3HTenbHO paBHoe 100 mh juin6ap • 

Jlynme npHcnoco6neHHHM nnn npoBeweHHH nocnenoBaTenBHHX 

15 qHKHOB BHpamHBdHHH MOHOKpHCTaJIJIOB HHTpHRa aJlK)MHHH5I XBJ19L- 

eTCH BapaaHT BbipanjHBaHHJi 6e3 repMeTH3aijHH poctoboh KaMepM 
3 , b 9tom cny^ae moxgt 6htb o6ecneneHO 6&icTpoe H3BneneHHe 
BbipameHHoro MOHOKpHCTanna . 

B cnynae ncnonB30BaHH^ nojiHKpHCTannHHecKoro HHTpHjja 

20 anioMHHHH xaK MaTepnana HCTOHHHKa 5 a jtiomhhhh f BBipamHBaHHe 
MOHOKpHCTanna ocymecTBn^iBOT cnenyiomHM o6pa30M. 

flo Havana Harpesa hctohhhk 5, nonnoxKy 4 h pocTOByio 
KaMepy 3 nojjroTaBnHBaioT Tax xe KdK b npeEbinymeM BapnaHTe. 
ripn BhipamHBaHHH MOHOKpHCTanna 6e3 repMeTH3ai^HH pocto- 

25 boh KaMepH 3, Tpe6yeTCH npejjOTBpaTHTB yTe^Ky H3 Hee napoB 
HCTOHHHKa 5. C 3toh qenBK) b nonocTH 2, coo6maiomeHC5i c 
Poctoboh KaMepofi 3, nepe3 3a3opH coejqHHeHHH ee HacTeii, 
hjih cneqaanBHO BBinonHeHHbie KaHana (He noKa3aHBi), co3aai0T 
ypaBHOBeniHBaiomee naBneHHe a30Ta He HHxe TaKoro, KOTopoe 

30 co3naBann 6h co6cTBeHHbie nap&i HHTpnna amoMHHHH HCTOHHHKa 
5 b 3 aMKHy tom oe^eMe, JJaBneHHe a30Ta KOHTponnpyroT , H3Me- 
pjin ero b xonojqHOH nacTH nonocTH 2 , Bjjann ot poctoboh Ka- 
MepM 3 . J\nsi H3MepeHH*c npHMe H^teM&ix b HacTo*nijeM MeTone naB- 
neHHH f 3aKnK)HeHHBix b nnana30He 1 - 2000 MHnnH6ap, H3Bec- 

35 TeH mnpoKHH cneKTp npH6opoB pa3nHHHoro npHHijHna nencTBHJi: 
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Ha ocHOBe TepMonapu , MeM6paHHHe h npyrne . HanpHMep , MoxeT 
6htb Hcnon&30BaH MeM6paHHHH MaHo-BaKyyMMeTp MEMBRANOVAC 
DM-12, BanycKaeMHH b nponaxy $hpmoh LEYBOLD INFICON Inc. 

Bbi6op BenH4HHH flaBneHHH a30Ta b nonocTH 2 hbjihbtc^i 

5 KJIK)*ieBbIM JXJISL flOCTH2CeHH5I BHCOKOH CKOpOCTH pOCTa MOHOKpH- 

CTanna HHTpHjja anioMHHHH npn yMepeHHBix 3HaneHH^x pa6oneH 
TeMneparrypH HCTOHHHKa 5 h pa3HOCTH TeMnepaTyp HCTOHHHKa 5 
h noHJioxKH 4 • Rnsi nonyneHH* MaKCHMantHOH ckopocth pocTa 
paBneHHe a30Ta b iiojiocth 2 b ycTaHOBHBmeMCH pa6oneM tgm- 
10 nepaTypHOM peacHMe flonsHO 6htb paBHo naBneHHio, co3jjaBaeMO- 
My napaMH HHTpHHa aniOMHHHH b 3aMKHyTOM oS'seMe, HanpHMep, 
repMeTH3HpoBaHHOH poctoboh KaMepe 3, hmgioiuhmh CTexHOMeT- 
pHHecKoe cooTHomeHHe KOHijeHTpaijHH aTOMOB a30Ta h aniOMH- 

15 flaBJieHHe b nonocTH 2, cooTBeTCTByiomee MaKCHManBHOH 

ckopocth pocTa MOHOKpHCTajina npn 3apaHHOH pa6oneH TeMne- 
paType HCTOHHHKa 5, MoxeT 6htb onpeneneHo no H3o6paxeHHOH 

Ha to, 2 KpHBOH A 3aBHCHMOCTH fldBJieHHil B MHJIJlH6apaX OT 

TeMnepaTypbi b rpanycax IJenBCHH. KpHBaii A noKa3HBaeT pac- 
20 neTHyio BejiHHHHy naBneHH*, co3naBaeMoro b 3aMKHyTOM o6i>eMe 

CTeXHOMeTpHHeCKOH CMeCBK) napOB a JII0MHHH5I i 06pa30BaHHBJX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta, ahh cjiynaH, ko- 
r^a MaTepnanoM HCTOHHHKa 5 jiBjineTCH hhtphr a jik>mhhhh • 

flo Havana HarpeBa ycTaHasnHBaiOT MHHHManBHoe, Hanpn- 

25 Mep, HecKOJiBKO MHnnH6ap, HananBHoe flaBJieHHe a30Ta b no- 
nocTH 2 h, cooTBeTCTBeHHo, b coo6n^aK)meHc^ c Hen poctoboh 
KaMepe 3. B npoijecce HarpeBa HCTOHHHKa 5 naBneHHe a30Ta b 
nonocTH 2 noBbimaioT cooTBeTCTBeHHo pacneTHOMy pocTy naBjie- 
hhh napoB HCTOHHHKa 5, onpenennH Teitymee npHpaqeHHe jjaB- 

30 neHH5i no kphboh A, <£nr.2. TaKHM o6pa30M, b Kaxn^iH momcht 
b npoqecce HarpeBa, naBjieHne b nonocTH 2 npeBBimaeT pac- 
HeTHoe naBneHHe napoB HHTpn^a aniOMHHHH b poctoboh KaMepe 
3 Ha BenHHHHy HanantHoro naBneHHH, ycTaHaBnHBaeMoro b no- 
nocTH 2. OnncaHHaH nporjenypa BHxona Ha pa6oHHH pexHM bh- 

35 pamHBaHHH 5iBniieTC5i HaHJiyHnieH b tom cMBicne, hto no3BonneT 
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H36exaTE> Ha stom 3Tane noTepB napoB amoMHHHx h npenoTBpa- 

THTB HX B03M02CHHH KOHT3KT C He3 amHIIjeHHBIMH 3J16M6HTaMH KOH- 

cTpyKUHH ycTpoHCTBa npn BBixone napoB aniOMHHHtf 3a npenejiH 
BHyTpeHHefi hohocth poctoboh KaMepw 3 . nocjienHee HMeno 6h 
5 MecTo b cnynae, ecnH cooTBeTCTByiomee pa6oHeMy pexHMy «aB- 
neHHe a30Ta co3naBanocb b nonocTH 2 no Havana HarpeBa. B 
3tom cjiynae no Havana HarpeBa a30T nocTynaeT b pocTOByio 
KaMepy 3 H3 nonocTH 2, a b npoqecce HarpeBa, BcnencTBHe 
o6pa30BaHHH napoB HHTpnna a jiiomhhhh , naBneHHe b poctoboh 
10 KaMepe 3 cTaHOBHTCH Bume BHeniHero h nacTB cMecH a30Ta h 
napoB anioMHHHH BHTecH^eTCii H3 Hee b nonocTB 2 , npn stom 

BHyTpH pOCTOBOH KdMepbl 3 6yfleT COXpaHOTBCH H36HTOHHOe co- 

nepxaHHe a30Ta, TopM03Hiqee pocT MOHOKpHCTanna . 

Ha to. 3 H3o6paxeHO ceMencTBO kphbhx , cooTBeTCTByio— 

15 mHX TpeM pa3HHHHHM TeMnepaTypaM , 3aBHCHMOCTH CKOpOCTH 

pocTa MOHOKpncTanna HHTpnna an©MHHHH (b MHJinHMeTpax b 
nac) ot BenHHHHH naBneHHH a30Ta (b MHnnH6apax ) b nonocTH 
2 , paBHoro nonHOMy naBneHHio CMecH a30Ta h napoB aniOMHHHH 

B pOCTOBOH KaMepe 3 . rpa<J)HKH COOTBeTCTByKJT pa3HOCTH TeM- 

20 nepaTyp Mexny hctohhhkom 5 , MaTepnanoM KOToporo cnyxHT 

HHTpHfl aniOMHHHH , H nonnoxKOH 4 paBHOH 70° C, H paCCTOHHHK) 
Mexny HCTOHHHKOM 5 h nonnoxKOH 4 paBHHM 4 mm. 3th rpa^HKH 
no3Bon5iK>T onpenenHTB nnana30H oTKnoaeHKH ot CTexHOMeTpn- 
necKoro cooTHoraeHH5i KOHqeHTpaijHH aTOMOB a30Ta h aniOMHHHJi 

25 B CMeCH, He npHBOfliimHX K CymeCTBeHHOMy CHHXeHHK) CKOpOCTH 

pocTa MOHOKpncTanna, b nacTHOCTH, BBi6paTB BenHHHHy Ha- 
najiBHoro naBneHHH a30Ta b nonocTH 2 . 

npH nepBOM BupamHBaHHH b KOHKpeTHOM 3K3eMnnnpe pOCTO- 
BOH KaMepu 3 ckopoctb non^eMa naBJieHHH a30Ta b nonocTH 2 
30 npn HarpeBe HCTOHHHKa 5 MOxeT 6ntb yBejinneHa no OTHomeHHio 
k onpenenneMOH no kphboh A, $nr. 2, hto npHBejqeT k BBixony 

Ha peXHM BBipamHBaHHH npH 60HBffleM H36bITKe a30Ta B COCTaBe 
CMeCH B pOCTOBOH KaMepe H COOTBeTCTByBOiqeMy CHHXeHHK) CKO- 
pOCTH pocTa. Ckopoctb yBenH^eHH5i jqaBneHHH h, cooTBeTCT- 
35 BeHHo , KOHenHan BenHHHHa naBJieHH^i a30Ta b nonocTH 2 b co- 
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oTBeTCTBHH c pe3ynBTaTaMH npo6HNx BHpaqHBaHHH MOXeT 6bitb 
b aajiBHeHmeM noflBeprHyTa KoppeKTHpoBKe , HcnpaBJunomefi no- 
rpemHOCTH pacneTOB h H3MepeHH5i TeMnepaTyp. 

B cjiynae HcnonB30BaHH*i MeTannnnecKoro amoMHHHH b Ka- 
necTBe MaTepnana HCTOHHHKa 5 ansMHHHH BBjpanjHBaHHe moho- 
KpHCTanna HHTpupa aniOMHHH^i ocymecTBn*K)T b poctoboh KaMepe 
3 , coo6maK)meHC5i c nonocTBio 2 / aHanorHHHO npenwnymeMy Ba- 
pnaHTy. Oco6eHHOCTBK) naHHoro BapaaHTa sibjisibtcsl OTcyTCTBHe 
a30Ta b MaTepnane HCTOHHHKa. 06pa3OBaHHe CMeca a30Ta h 
napoB anfOMHHHK b poctoboh KaMepe 3 nponcxoflHT 6naroflap*i 
nocTynneHHK) b nee a30Ta H3 nonocTH 2 . 

H3MeHeHHe naBneHH^i a30Ta b nonocTH 2 b npoqecce na- 

rpeBa HCTOHHHKa 5 npOH3BOH*IT B COOTBeTCTBHH c rpa^HKOM, 

H3o6paxaeMHM kphboh B, <I>Hr. 2. KpHBa^i B noKa3HBaeT pac- 
HeTHyw BenHHHHy aaBneHHH, co3naBaeMoro b 3aMKHyTOM o6i»eMe 

CTeXHOMeTpHHeCKOH CMeCBH) napOB aJTX)MHHHiI / 06pa30BaHHHX HC- 

napeHHeM MaTepnana HCTOHHHKa 5, h a30Ta nnn cnynan, Kor«a 
MaTepnanoM HCTOHHHKa 5 HBnneTCH MeTannHnecKHH sjikmhhhh . 

KpHBan B, cooTBeTCTByroman MeTannn^ecKOMy a jiiomhhhk) , 
npH yMepeHHHx TeMnepa-rypax HCTOHHHKa 5 HeMOHCTpnpyeT 6o- 
nee BEicoKoe nonHoe aaBneHHe CTexnoMeTpHHecKOH cMecH a30Ta 
h napoB anioMHHHH b poctoboh KaMepe 3, neM KpHBan A, coot- 
BeTCTByroman HHTpHj^y anDMHHHH. IIocKonbKy ckopoctb pocTa 
MOHOKpHCTanna HHTpHfla a jiiomhhhk npn yBenHneHHH jqaBneHHJi 
CTexHOMeTpHHecKOH CMecH a30Ta h napoB aniOMHHHj? B03pacTa- 
eT r HcnoxiB30BaHHe MeTannnnecKoro anioMHHHH b KanecTBe Ma- 
Tepaana HCTOHHHKa 5 amoMHHH* o6ecneHHBaeT 6onee BwcoKyio 
CKopocTB pocTa b npejjnoHTHTenBHOH jxnx npaKTHnecKoro npn- 
MeHeHHK HHXHen nacTH flnana30Ha pa6oHHX TeMnepaTyp hctoh- 
HHKa 5, HHxe 2400°C. HcnojiB30BaHHe MeTannnnecKoro aniOMH- 
hhh b KanecTBe MaTepnana HCTOHHHKa 5 , no3BonneT H3MepHTB 
ckopoctb pocTa MOHOKpHCTanna b npoqecce B&ipanjHBaHHH no 
BenHHHHe pacxona a30Ta, Heo6xoflHMoro jjnn nonnepxaHHH no- 
cTOHHHoro RaBJieHHK b nonocTH 2 . 3to npenocTaBn*ieT bo3mox- 
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HOCT6 non6opa onTHMa. jibhnx 3HdneHHK napaMeTpoB npoqecca 
Henocpe^CTBeHHO b npoqecce BHpamHBaHHH. 

npennoxeHHoe H3o6peTeHHe He orpaHHHHBaeTc* paMKSMH 
oimcaHHHx npHMepoB peanH3aqHH h nonycKaeT ohgbhhh&ig cne- 
ijHaJiHCTy b oaHHoii o6nacTH tsxhhkh MOflH^HKaqHH cnoco6a, He 
BBixon^mHe 3a npenenbi oe^eMa H3o6peTeHH*i, onpenenneMoro 
ero $opMynoH. 
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fcOPMYHA H30BPETEHHH 
Cnoco6 snHTaKCHajibHoro BfiipamHBaHHK MOHOKpHCTannHHe- 
CKoro HHTpHfla aji©MHHHH H3 CMecH a30Ta h napoB a J1I0MHHHH f 
BKnioHaiomHH pa3MeqeHHe b poctoboh KaMepe ( 3 ) npyr HanpoTHB 
5 flpyra no^JioxKH ( 4 ) h HCTOHHHKa ( 5 ) ajiiOMHHHH , HarpeB h 
nofl^epxaHHe pa6onnx TeMnepaTyp HCTOMHHKa ( 5 ) h nonnoxKH 
(4), o6ecneHHBaiomHX, cootbgtctbghho , o6pa30BaHHe napoB 
anioMHHHK b cocTaBe CMecn h pocT MOHOKpacTanna HHTpnna 
anioMHHHH Ha nopnoxKe (4), oTJiHHaiomHHCH TeM , hto jjaBneHHe 
10 CMecH a30Ta h napoB anwMHHHH b poctoboh KaMepe ( 3 ) non- 
HepxHBaioT b HHTepBane 400 MHJiJin6ap ot HHXHero 3HaneHH.H, 
paBHoro naBJieHHM, KOTopoe co3jjaBajia 6ej b 3 aMKHyTOM o6 , BeMe 
CMecB o6pa3y©mHxcH napoB anioMHHHH c a30TOM, HMejoma* oah- 
HaKOBue KOHqeHTpaqHH aTOMOB a30Ta h anioMHHHH. 

15 CnOC06 3nHTaKCHaJIBHOrO BHpamHBaHHfl MOHOKpHCTaJIJIHHe — 

CKoro HHTpn^a an»MHHH« H3 CMecH a30Ta h napoB anioMHHHH r 
BKnBOHaioqHH pa3Men;eHHe b poctoboh KaMepe ( 3 ) apyr HanpoTHB 
Epyra noflnosKH (4) h HCTOHHHKa, (5) aniOMHHHK f HarpeB h 
noAflepxaHHe pa6oHHx TeMnepaTyp HCTOHHHKa ( 5 ) h nonnoxKH 
20 (4), o6ecneHHBaiomHX , cooTBeTCTBeHHO , o6pa30BaHHe napoB 

aJIK)MHHH5I B COCTaBe CMeCH H pOCT MOHOKpHCTaJlJia HHTpH^a 
aJliOMHHHH Ha nOflHOSCKe (4), OTJIHHaiOmHHCJI TeM, HTO flaBJieHHe 

CM6CH a30Ta h napoB ansoMHHHii b poctoboh KaMepe (3) nojj- 
HepxHBaroT b HHTepBane 4 00 MHJUiH6ap ot HHXHero 3HaneHHH , 
25 paBHoro ^aBJieHHK), co3AaBaeMOMy b 3aMKHyTOM o6*BeMe CMecBio 
o6pa3yion^HXCH npn TeMnepaType HCTOHHHKa ( 5 ) napoB ajiioMHHHH 
c a30T0M, HMeiomen oflHHaKOBue KOHqeHTpaqHH aTOMOB a30Ta h 

aJIKMHHHH. 

2. Cnoco5 no n. 1 OTJiHHaiomHHCH TeM f hto HaBneHne CMe- 
30 ch a30Ta h napoB anmMHHHH b poctoboh KaMepe ( 3 ) nojjflepxH- 

BaroT 6jih3khm k HHXHeMy 3HaneHHK) 3anaHHoro HHTepBana. 

3. Cnoco6 no n. 1, OTJiHHaBonjHHCH TeM, hto b KanecTBe 
MaTepnana HCTOHHHKa ( 5 ) anioMHHHH HcnonB3yK)T hhtphjj anroMH- 
hh*, pocTOByio KaMepy (3) ho Hanana HarpeBa BaKyyMHpy©T h 

35 repMeTH3HpyiDT , h npoBO*j$iT BtipamHBaHHe MOHOKpncTanna hht- 
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pHfla anioMHHHH npn hhxh6m 3HaneHHH 3aflaHHoro HHTepBana 
EaBneHHH CMecH a30Ta h napoB anroMHHH« , co3AaBaeMOH b poc- 
toboh KaMepe ( 5 ) HcnapeHHeM MaTepnana HCTOHHHKa . 

4. Cnoco6 no n. 1, OTHHHaiomHHCH tsm , hto b KanecTBe 
5 MaTepnana HCTOHHHKa (5) anioMHHHH HcnonB3yioT hhtphh anioMH- 

hflh, pocTOByio KaMepy (3), coo6maiomyiocH c bhgihhhm npo- 
CTpaHCTBOM, noMemaDT b aTMoc$epy a30Ta, naBjieHHe KOToporo 
nonnepxHBaioT b npenenax 3a^aHHoro HHTepBana naBneHHH. 

5. Cnoco6 no n. 1, OTnHHaionjHHCJi TeM, hto b KanecTBe 
10 MaTepnana HCTOHHHKa (5) anwMHHH^i HcnojiB3yioT MeTannHHecKHH 

anioMHHHH , pocTOByio KaMepy ( 3 ) , coo6maiomyK)C5i c BHemHHM 
npocTpaHCTBOM f noMemaiOT b aTMoc^epy a30Ta, aaBneHne koto- 
poro noHHepxuBaioT b npeflenax 3anaHHoro HHTepBana qaBne- 

HHH * 

15 6. PocTOBa* KaMepa (3) nnn snHTaKcnajiBHoro BwpamHBan- 

HHH MOHOKpHCTannHHeCKOrO HHTpHfla anBOMHHHK H3 CMeCH a30Ta 

h napoB aJiioMHHHH, BHnojiHeHHaH c B03MOXHOCTBK) pa3MemeHH*i 
BHyTpH Hee HCTOHHHKa ( 5 ) axuoMHHHH h noHJioscKH ( 4 ) , HarpeBa 
h nonaepxaHHH TeMnepaTyp HCTOHHHKa ( 5 ) h nofljioxKH ( 4 ) , • 
20 o6ecneHHBaiomHx pocT MOHOKpncTanna HHTpHjqa anioMHHH5i Ha 
noAnoxKe (4), OTHHHaiomaHC^ TeM, hto MaTepnan KOHTaKTHpyD— 

meH C HCTOHHHKOM H napaMH aJIBOMHHHH nOBepXHOCTH pOCTOBOH 

KaMepa npeflCTaBn^eT co6oh TBepnHH pacTBop Kap6Hjja TaHTana 
b TaHTane. 




<3>Hr . 1 
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[ loc/ieiiyiquiHC aoKyMewTbi yica3aHbi a npojojpKeHHH rpatfrbi C. | | aaHHbie o naTcirrax-aHajiorax yica3aHbi b npanoxccHHH 



* Oco6mc icarcropHM ccuaohhux ao kymchtob : 

A flOKyvetrr, onpejieJUiiouiHH o6whh yposcHk tcxhkkm 

E 6ancc paKKHH noicyMCHT, ho ony&nHicoeaHHuft Ha axry 

wc jrimtapoflHOH noAasH hjih nocne Hee 
O noKyMeHT, othooiuihkcji k ycrHowy pacKpurmo, 3kciiohh* 

poaaHmo h t.a. 

P aok-yMCHT. onyojiKKOBaHHuR no nam McxLnyuzpomoH no- 
AaMH, ho nocne aanj KcnpauiHBacMoro npuopHrrra 

MU 

"P" iiOKyMeHT, ony6nHKOBaHHUH no nam MexnyHapojiHOH noAa-iH, 
ho nocne nam ncnpauiHoacMoro npHOpKTrra 



t donee ikrahhA noKyuem, onyfi/iHicoBaHHufi nocne oaru 

npHOpHTCTa H npHBCHCHHUH DflS HO HHMaHIM H1306pCTCHHJl 

X AoryMCHT. hmuooihh HaM6oJiee 6jimicoc othoilichhc k npCAMcry 

noHCxa, nopoMaiUMH HOBinHy h K3o6pcT3TcnwcKMfi ypoBCHb 
Y aoryMCHT, noposauueti K3o6peraTcni«oifi ypoBCHk s cowc- 

TiHHH C OIXHKM HJTH HCCKOJlkKHMH AOKyMCHTEMH TO ft TKC 

KareropHM 

& AOtcyMCHT, nBJunouiHMCji n arreHTOM -anajioro h 

AoicyMCHT, MBAXiotUHHCit nare htom -an ano roM 



Hara itefiCTBHTeJibHOro 3aBeptueHMJi MejicayHapo^Horo 
noHCKa: 1 0 0KT*6p» 2000 ( 1 0. 1 0.00) 



JXara. OTnpaBKM Hacrojiiuero OTMera o MeacayHapojiHOM noHcxe: 
1 6 Hoa6p« 2000 ( 1 6. 1 1 .2000) 



HaHMCHosanHc m aapec MeacayHapojiHoro noHCKoaoro opraHa: 
<De;tepajibHbifi HHCTHTyT npoMuuuieHHOM 

COOCTBCHHOCTH 

Pocchs. 121858. MocKBa, EepeacKOBCKaa Ha6., 30-1 
(Daxc: 243-3337. TCJieTafin: 1 14818 FIOHAHA 



VnoJiHOMoneHHoe jihuo: 

E. IlHcapcBa 
Tejie<poH (095)240-58-88 
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SECTION B - PERFORMING OPERATIONS; TRANSPORTING 



B 01 PHYSICAL OR CHEMICAL PROCESSES OR APPARATUS IN GENERAL (furnaces, kilns, ovens, O 
retorts, in general F27) 



B 01 F MIXING, e.g. DISSOLVING, EMULSIFYING, DISPERSING (mixing paints B44D 3/06) 



Note 

In this subclass, the following term or expression is used with the meaning indicated: 
"mixing" covers stirring of a single material. [2] 



O 

o 
o 



Subclass Index 
DISSOLVING 

MIXING, DISPERSING, EMULSIFYING 

Processes 

Apparatus 

flow mixers 
with rotary action 
other mixers 

accessories 
EMULSIFYING OR DISPERSING AGENTS 



B01F 1/00 

B01F 3/00 

B01F 5/00 
B01F 7/0 0, BO] F 9/00 
B01F 11/00 , 
B01F 13 /00 
BQ1F 15/00 
B01F 17/00 



13 

Of 

o 
o 
o 
o 
o 

U 

13 
13 



1 /00 Dissolving (separating by dissolving B0 I D; dissolving to effect cooling F25D 5/00) [2] 13 

3/00 Mixing, e.g. dispersing, emulsifying, according to the phases to be mixed 13 

3/02 . gases with gases or vapours 13 

3/04 . gases or vapours with liquids (mixing non-alcoholic beverages with gases A23L 2/54) 13 

3/06 . gases or vapours with solids 13 

3/08 . liquids with liquids; Emulsifying 13 

3/10 . . Mixing very viscous liquids 13 

3/12 . liquids with solids (displacing one liquid by another in dispersions of solids in liquids B01 D 1 2/00 ) 13 

3/14 . . Mixing very viscous liquids with solids 13 

3/18 . solid with solids 13 

3/20 . Pretreatment of the materials to be mixed 13 

3/22 . Aftertreatment of the mixture 13 
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Mixers 




5/00 Flow mixers (sprayers, atomisers B05B); Mixers for falling materials, e.g. solid particles (B01F 13/ 0 4 takes 13 



precedence; centrifugal mixers B04) 

5/02 . Jet mixers 13 

5/04 . Injector mixers 13 

5/06 . Mixers in which the components are pressed together through slits, orifices, or screens (turbo-mixers 13 

B01F 5/16 ; colloid-mills B02C; mixing valves FJ6K 11/00) 

5/08 . . Homogenising or emulsifying nozzles 13 

5/10 . Circulation mixers 13 

5/12 . Pump mixers 13 

5/14 . . of the gear type 13 

5/16 . . Turbo-mixers 

Li 

5/18 . Spray-mixers LI 

5/20 . . with nozzles Li 

5/22 . . with rotary discs Li 

5/24 . Falling particle mixers with repeated action Li 

5/26 . Falling particle mixers with moving means, e.g. stirrers for increasing the mixing U 

7/00 Mixers with rotary stirring devices in fixed receptacles; Kneaders (B01F 1 3/ 04 takes precedence) 13 

7/02 . with stirrers rotating about a horizontal or inclined axis 13 

7/04 . . with paddles or arms U 

7/06 . . with propellers 13 

7/08 . . with helices El 

7/10 . . with rotary discs 

7/12 . . with cylinders 13 

7/14 . . with stirrers having planetary motion 13 

7/16 . with stirrers rotating about a vertical axis 13 

7/18 . . with paddles or arms 13 

7/20 . . . with fixed axis 13 

7/22 . . with propellers 13 

7/24 . . with helices 13 

7/26 . . with rotary discs 13 

7/28 . . with cylinders 13 

7/30 . . with stirrers having planetary motion 13 

7/32 . . with openwork frames or cages 13 

9/00 Mixers with rotating receptacles (B01 FJ 3/04 takes precedence) 13 

9/02 . rotating about a horizontal or inclined axis, e.g. drum mixers 13 

9/04 . . without bars 13 

9/06 . . with fixed bars 13 

9/08 . . with rotating stirring devices 13 

9/10 . rotating about a vertical axis 13 

9/12 . . with paddles or arms 13 

9/14 . . with propellers Li 

Li 
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9/16 


with hplicp<» 

• a Willi lltllV-CJ 




-7/ 1 O 


wirh rntarv rii^c^ 


O 


9/20 


. . with cylinders 


o 


9/22 


. with stirrers having planetary motion 


o 


1 1 /00 


Mixers with shakina oscillatina or vihratina mpchanisms (R01F 1 3/04 takp<; nrpcedence) 

i»i lAti j ww 1 11 1 j i tuivii i y , wjv.ni&iiiiyi \j i viui uiiii^ 1 1 1 cn i cm hjiii j \uu i i i _j / w ~ icuvc j pi cicuci ncy 




1 1 102 


Mivinn hv mpan<; of ulrra<;nnic vihrarinnc: 

■ i»iiami_j uy iiiccuij ui u i 11 ajui 1 1 v. viui aLiui i j 


o 


1 1 /04 


. with pendulum stirrers 


■J 


13/00 


Other mixers; Mixing plant, including combinations of dissimilar mixers 


o 


13/02 


. Mixers with gas agitation, e.g. with air supply tubes 


KM 


1 3/04 


Mixpr^ comhinpd with ^afptv dpvicp<; 

« I'M Awl J V_VJ 1 1 1 U 1 1 1 VI U Willi jCHV_Ly UCVILCJ 


KM 


1 3/06 


Mixers adaoted for workina at sub- or sunpr-atmosoheric nrpssure 


o 


1 3/08 


Maanptic mixprs 


o 


13/10 


Mivinn nlanr inclndinn cnmhinarinn^ nf Hi^imilar mivpr^ 

* |V||A.lliy fJICU 11, 1 1 H_l U U 1 1 ly IUI MUM ICLIIUI lO \Jl UIZOMHMCU 11 IIACI J 


o 


15/00 


Accessories for mixers 


O 


15/02 


. Feed or discharge mechanisms 


o 


15/04 


. Forming a predetermined ratio of the substances to be mixed (controlling ratio of two or more flows of 


o 




fluid or fluent material C05D 1 1 /02) 




1 5/06 


. Heating or cooling systems 


KM 


1 7/00 


LKp of suhitancp^ a^ pmuKifvino wpttinn HKnpr^inn nr fnam— nrnHurinn anpntQ (flnratinn anpntv: 

ui ju u jiai nt j aj c 1 1 1 u 1 o 1 1 y 1 1 ly , wv_iuiiiy, uijpci oiny, \j i luaiu \J\ uuuiu ly ayci ilj \i ivjidiiui i uycnij 


o 




B03D 1 /001 ■ used for particular aoolications see the rplevant classes p a usp of suhstancps a<; dptprnpnt<; 






CI 1 D) f3 51 




1 7/02 


Alkvl sulfonatp*; or sulfuric arid p<;tpr <;alr^ riprix/pd from mnnnhvdric alcnhnK 

■ rAI ix y 1 JUMUMUH. J \JI JUII UI 11 HI IU V- J UV_ 1 jui l J UCI IVV.U 11 Will 1 1 IUI IUI ly UI 11 CI 1 \_ KJ 1 1 KJ 1 J 


KM 


1 7/04 


. Sulfonates or sulfuric acid ester salts derived from polyhydric alcohols or amino alcohols or derivatives 


KM 




thereof (sulfated or sulfonated fattv oils B01 F 1 7/08) 

X, 1 1 V, 1 V- V* 1 \ J W 1 1 W l\« S-i V/ 1 JUII \J 1 1 U. V. V- VI 1 U. v. \ Y VJ 1 1 J U V II \ t f \J \J / 




1 7/06 


Esters of hioher fattv acids with hvdroxvalkvlated sulfonic acids or salts thereof 

• ^ _/ \- 1 J \J 1 111 y 1 1 V. 1 1 IA K K, J KA \- 1 VI Willi M V W 1 \J Ax y C4 1 IX Y 1 UIVm JUII V/ 1 II V Vl\_ 1 V4 J V</ 1 JUI L J CI 1 L 1 V_ \J I 


KM 


1 7/08 


. Sulfation or sulfonation products of fats, oils, waxes, or higher fatty acids or esters thereof with 


KM 




monovalent alcohols 




17/10 


. Derivatives of low-molecular-weiaht sulfocarboxvlic acids or sulfooolvcarboxvlic acids 

• IVMVIVK^J W 1 1 W WW H 1 1 V— V_ U 1 1AI V W V, I 111 JUII X/IU 1 U V /X Y 1 1 X. U\# 1 U J W 1 JUII *J IJ 1 Y V-UI U V/ /X V 1 ■ Vv U, V* 1 VI J 


KM 


17/12 


Sulfonatps of aromatic or alkvlatpd aromatic comnnund<; 


KM 


17/14 


Derivatives of ohosohoric acid 

• i—' vi i ▼ ui vi v v j v/ 1 vj i i v j yj i i v/ 1 i v t4 v i u 


KM 


17/16 


Aminp<; nr nnlvaminp<; 

• ai i mi ic j vi pui y CM 1 1 1 1 IC J 


KM 


17/18 


. Quaternary ammonium compounds 




1 7/20 


Phosohonium and sulfonium comoounds 

* III V/ J yj 1 1 V/ III U III UI 1 V* JUII V/ III U III V \J III IJ V/ UI IU J 


o 


17/22 


. Amides or hydrazides 


KM 


1 7/24 


Amides of hiaher fattv acids with aminoalkvlated sulfonic acids 

• • ni i iiwn. j \j i i ■ i y i i \_ i luviy uiiu j wiiii ui 1 1 1 1 I \j la 1 rx y iullu jui i v/i i h u^iuj 


KM 


1 7/26 


^ 1 1 1 f n n a m i H p ^ 


KM 


17/28 


. Aminocarboxylic acids (protein hydrolysates B01 F 1 7/30) 


KM 


17/30 


. Proteins; Protein hydrolysates 


KM 


17/32 


. Heterocyclic compounds 


KM 


17/34 


. Higher-molecular-weight carboxylic acid esters (B01 F 1 7/06 takes precedence) 


KM 


17/36 


. . Esters of polycarboxylic acids 


KM 
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1 7/38 . Alcohols, e.g. oxidation products of paraffins Li 

17/40 . Phenols U 

1 7/42 . Ethers, e.g. polyglycol ethers of alcohols or phenols Li 

17/44 . . Ether carboxylic acids LI 

17/46 . . Ethers of aminoalcohols LI 

17/48 . . Cellulose ethers LJ 

17/50 . Derivatives of lignin LI 

1 7/52 . Natural or synthetic resins or their salts Li 

17/54 . Silicon compounds LI 

17/56 . Glucosides; Mucilage; Saponines LI 



i ■ a ■ ' 
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